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Petroleum ether, dichloromethane, ethanol (70%) and water extracts of 12 South African plants were screened using microdilution assays
against Gram-positive (Bacillus subtilis, Staphylococcus aureus), Gram-negative (Escherichia coli) bacteria, and the fungus Candida albicans.
No antimicrobial activity was observed in water extracts. The ethanol extracts of Becium obovatum leaves showed the best antibacterial activity
with a minimum inhibitory concentration value of 0.074 mg/ml against B. subtilis. The petroleum ether extract of leaves of Cucumis hirsutus,
Haworthia limifolia and Protea simplex showed good antibacterial activity with MIC values ranging between 0.098 and 0.780 mg/ml against all
the test bacteria. The petroleum ether extract of P. simplex leaves showed the best anti-candidal activity with a minimum fungicidal concentration
value of 0.014 mg/ml. The ethanol extracts of Agapanthus campanulatus (leaves and root), Dissotis princeps and Gladiolus dalenii as well as the
dichloromethane extract of P. simplex leaves showed good anti-candidal activity with minimum fungicidal concentration values ranging between
0.037 and 0.39 mg/ml. Mutagenicity tests conducted on extracts that showed good antimicrobial activity suggest the plants are probably safe for
consumption. The results obtained in this study show that some of the traditional plants may indeed be effective for the treatment of ailments
related to gastro-intestinal disorders that may be due to the test pathogens.
© 2008 SAAB. Published by Elsevier B.V. All rights reserved.Keywords: Antibacterial; Fungicidal; Fungistatic; Gastroenteritis; Mutagenicity1. Introduction
Symptoms related to gastro-intestinal disorders include
diarrhoea, dysentery, intestinal inflammation and abdominal
pains or cramps with or without vomiting. Diarrhoeal disease
has been recognised as the greatest killer of infants and young
children in the developing world. Well over 500 million
episodes of diarrhoea in children under five are estimated to
occur annually in Asia, Africa, and Latin America. At least five
million children die due to such disorders (WHO, 1996; Barbara
and Bennett, 1998).⁎ Corresponding author.
E-mail address: rcpgd@ukzn.ac.za (J. Van Staden).
0254-6299/$ - see front matter © 2008 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2008.11.002Causal bacterial pathogens related to the pathogenesis
associated with ailments related to the gastro-intestinal tract
include Campylobacter species, Bacillus subtilis, Vibrio
cholerea, Escherichia coli, Clostridium difficile, Salmonella
species and Staphylococcus aureus (Sleisenger and Fordtrand,
1993; Burton and Engelkirk, 1995; Sleigh and Timbury, 1998).
With the increasing rate of mortality among children, the
immuno-compromised and old people, including HIV patients,
as a result of gastro-intestinal disorder causal bacteria other than
commonly identified bacteria should not be ignored. Causal
pathogens of gastro-intestinal disorders are becoming resistant
to drugs (Anh et al., 2001; Dimitrios and Russell, 2002; Periska
et al., 2003) hence the search for more safe and effective
antimicrobial compounds is important. The role of natural
products, herbal medicine, tribal and traditional medicines ists reserved.
Table 1
Medicinal plants used for the treatment of gastro-intestinal ailments in South Africa.
Species, (Family) Ethnopharmacological information
Voucher number
Agapanthus campanulatus Leighton
(Agapanthaceae)
Root decoctions are taken orally or as enemas to ensure that a child is free from stomach troubles (Watt and Breyer-
Brandwijk, 1962).
FAW 4 NU
Antidesma venosum E. Mey.ex Tul.
(Euphorbiaceae)
Leaf decoctions are used for abdominal disorders and dysentery (Hutchings et al., 1996).
FAW 7 NU
Becium obovatum E. Mey. Ex Benth.
(Lamiaceae)
Warm water infusions of pounded roots and leaf are administered as enemas to treat children with stomach ailments and
abdominal pain (Hutchings et al., 1996).
FAW 8 NU
Cucumis hirsutus Sond (Cucurbitaceae) Leaf and root decoctions are used for abdominal pain and diarrhoea (Hutchings et al., 1996).
FAW 2 NU
Cyperus textiles Thunb. (Cyperaceae) Root infusions are used as enemas to treat children with various stomach ailments (Hutchings et al., 1996).
FAW 9 NU
Diospyros lycioides Desf. (Ebenaceae) Bark and root decoctions are taken for bloody faeces and dysentery (Hutchings et al., 1996).
FAW 10 NU
Dissotis princeps (Kunth) Triana
(Melastomataceae)
Leaf infusions are administered as enemas for dysentery and diarrhoea (Hutchings et al., 1996).
FAW 11 NU
Gladiolus dalenii van Geel (Iridaceae) Corm ground down to a fine meal and taken with warm water in small quantities to help dysentery, diarrhoea and stomach
upsets (Margaret, 1990).FAW 12 NU
Haworthia limifolia Marloth
(Asphodelaceae)
Decoction made from the leaves is used for stomach trouble (Hutchings et al., 1996).
FAW 3 NU
Protea simplex Engl. (Proteaceae) Decorticated root and bark infusions are used for dysentery and diarrhoea in humans and calves (Hutchings et al., 1996).
FAW 1 NU
Vernonia natalensis Sch. Bip. ex Walp.
(Asteraceae)
Decoctions from leaves and stems are used for stomach cramps, nervous spasms of the stomach and other stomach ailments
(Hutchings et al., 1996).
FAW 6 NU
Watsonia tabularis Bak (Iridaceae) Corms are used for diarrhoea in humans and calves (Hutchings et al., 1996).
FAW 5 NU
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ailments (Janardhanan and George, 2006). Traditional health
practitioners in South Africa play a crucial role in providing
health care to the majority of the population.
Southern Africa has over 30000 species of higher plants,
mostly endemic. Of these about 3000 are used in traditional
medicine (Van Wyk and Gericke, 2000). Antimicrobial
activities of many South African medicinal plants have
been reported in recent years (Rabe and Van Staden, 1997;
Martini and Eloff, 1998; Grierson and Afolayan, 1999;
McGaw et al., 2000; Afolayan et al., 2002; Mathabe et al.,
2006). As far as we could ascertain, no studies have been
reported on the antimicrobial activities of most of the plants
evaluated in this study, yet they are extensively used in
traditional medicine for the treatment of gastro-intestinal
ailments in South Africa. The aim of this research was to
evaluate the antimicrobial potential of the selected plant
species so as to help in the development of new preparations
to combat gastro-intestinal ailments.
2. Materials and methods
2.1. Medicinal plants
Based on traditional ethno-pharmacological records, 12
medicinal plants (Table 1) were collected from Mt. Gilboa(29° 16.766′ S, 30° 17.627′ E), Midmar (29° 29.703′ S, 30°
12.417′ E) and the University of KwaZulu-Natal Botanical
Garden in KwaZulu-Natal Province, South Africa. For sustain-
able harvesting, leaves of P. simplex and C. hirsutus were
substituted for their roots. Voucher specimens were prepared
and lodged in the University of KwaZulu-Natal Herbarium.
Different parts of the collected medicinal plants were oven-
dried at 50 °C, ground in a mill and stored in airtight containers
at room temperature in the dark.
2.2. Extraction of plant material
Ground plant material (5 g) was sequentially extracted with
100 ml of petroleum ether (PET), dichloromethane (DCM) and
70% ethanol (70% EtOH) in a sonication bath with temperature
being reduced by adding ice. Water extracts were prepared
separately by extracting plant material (5 g) with 100 ml of
distilled water in a sonication bath for 1 h. All extracts were
filtered under vacuum through Whatman No.1 filter paper.
Water extracts were air dried while solvent extracts were
concentrated by a rotary evaporator under regulated pressure
and temperature. The resultant extracts from the rotary
evaporator were transferred to weighed pill vials and dried
under a stream of air. Percentage yield of the extracts was
calculated (Table 2). Dried extracts were kept at 10 °C in a dark
room until required for screening.
Table 2
Antibacterial activity of screened plant extracts.
Plant name Plant
part
Extract Yield
(%)
Bacteria and antibacterial MIC (mg/ml)
E. c B. s S. a
A. campanulatus Leaves PET 0.01 6.250 3.125 3.125
DCM 1.5 3.125 0.390 1.560
70% EtOH 9.2 6.250 4.688 9.375
Roots PET 3.4 3.125 3.125 3.125
DCM 0.9 3.125 1.560 3.125
70% EtOH 18.1 3.125 3.125 3.125
A. venosum Leaves PET 0.7 4.167 5.208 8.333
DCM 3.1 3.125 3.515 9.375
70% EtOH 4.0 3.125 5.208 0.650
B. obovatum Leaves PET 1.4 0.195 0.195 0.098
DCM 1.1 1.953 0.520 2.343
70% EtOH 16.3 3.125 0.074 0.195
Roots PET 3.5 3.905 3.645 3.905
DCM 4.2 3.125 1.560 3.125
70% EtOH 9.1 3.125 2.343 1.560
C. hirsutus Leaves PET 1.3 0.098 0.260 0.130
DCM 0.7 0.585 0.780 1.040
70% EtOH 11.8 4.688 1.560 1.560
C. textilis Roots PET 2.9 4.688 0.975 4.688
DCM 6.2 3.125 0.780 1.560
70% EtOH 10.4 3.125 0.292 0.190
Leaves PET 3.8 4.688 3.125 3.125
DCM 5.1 3.125 3.125 3.125
70% EtOH 18.1 4.688 0.585 0.146
D. lycioides Leaves PET 0.03 3.125 2.342 3.645
DCM 3.4 4.688 3.125 3.125
70% EtOH 17.6 3.125 1.560 1.300
Stems PET 0.2 6.250 1.560 3.645
DCM 0.08 6.250 0.585 0.585
70% EtOH 4.7 4.688 2.342 1.300
D. princeps Leaves PET 1.5 9.375 4.625 3.125
DCM 1.1 3.125 3.125 6.250
70% EtOH 9.6 1.560 0.780 0.455
G. dalenii Corms PET 1.6 3.125 1.560 1.560
DCM 3.1 1.952 0.390 0.390
70% EtOH 25.1 6.250 6.250 4.297
H. limifolia Leaves PET 2.7 0.520 0.163 0.098
DCM 0.4 2.603 1.300 1.560
70% EtOH 2.8 3.125 3.125 3.125
P. simplex Leaves PET 0.4 0.098 0.260 0.195
DCM 0.2 0.319 0.438 0.585
70% EtOH 24.8 3.125 1.560 0.780
P. simplex Bark PET 0.8 1.560 1.560 0.190
DCM 2.9 3.125 1.560 0.780
70% EtOH 5.3 2.342 0.293 0.147
V. natalensis Leaves PET 9.2 3.125 1.170 3.125
DCM 5.5 3.125 0.585 0.780
70% EtOH 14.2 4.688 3.125 1.560
W. tabularis Corms PET 0.3 3.125 0.146 0.390
DCM 2.3 3.125 0.585 1.560
70% EtOH 7.4 4.688 2.342 1.560
Neomycin 1.58×10−3 1.47×10−4 3.9×10−4
Bacteria: E. c = Escherichia coli, B. s = Bacillus subtilis, S. a = Staphylococcus aureus. Plant extracts with values in bold are considered active.
PET — Petroleum ether, DCM — Dichloromethane, 70% EtOH — Ethanol (70%).
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Plant extracts were evaluated for their antibacterial activity
using the microdilution antibacterial assay by determining
minimum inhibitory concentration (MIC) as described by Eloff
(1998). Overnight cultures of one Gram-negative bacterium(E. coli ATCC 11775) and two Gram-positive bacteria (B.
subtilis ATCC 6051 and S. aureus ATCC 12600) were diluted
with sterile Mueller-Hinton (MH) broth. Dried extracts were
resuspended in ethanol (70%) to make 50 mg/ml. One hundred
microlitres of each extract was two-fold serially diluted with
sterile water in a sterile 96-well micro-plate for each test
Table 3
Anti-candidal activity (MIC and MFC) of screened plant extracts.
Plant species Plant
part
Extracts Anti-candidal concentration (mg/ml)
MIC MFC
A. campanulatus Leaves PET 9.380 12.500
DCM 3.125 6.250
70% EtOH 0.290 0.290
Roots PET 6.250 6.250
DCM 4.690 6.250
70% EtOH 0.390 0.390
A. venosum Leaves PET 3.125 4.690
DCM 3.125 4.690
70% EtOH 3.125 6.250
B. obovatum Roots PET 4.690 6.250
DCM 3.125 3.125
70% EtOH 4.170 6.250
C. hirsutus Leaves PET 6.250 6.250
DCM 4.690 4.690
70% EtOH 3.125 4.170
C. textilis Roots PET 6.250 6.250
DCM 4.690 6.250
70% EtOH 3.125 3.125
Leaves PET 6.250 9.380
DCM 1.170 1.560
70% EtOH 3.125 5.210
D. lycioides Leaves PET 3.125 3.125
DCM 3.125 4.690
70% EtOH 4.170 8.330
Stems PET 6.250 6.250
DCM 3.125 3.125
70% EtOH 4.170 8.330
D. princeps Leaves PET 1.560 1.560
DCM 6.250 6.250
70% EtOH 0.014 0.037
G. dalenii Corms PET 6.250 6.250
DCM 3.125 3.125
70% EtOH 0.390 0.390
H. limifolia Leaves PET 6.250 6.250
DCM 4.690 6.250
70% EtOH 6.250 6.250
P. simplex Leaves PET 0.014 0.014
DCM 0.390 0.390
70% EtOH 3.125 3.125
Bark PET 12.500 12.500
DCM 9.380 12.500
70% EtOH 3.125 12.500
V. natalensis Leaves PET 5.210 6.250
DCM 3.125 4.690
70% EtOH 3.125 5.210
W. tabularis Corms PET 4.690 6.250
DCM 4.690 7.810
70% EtOH 3.125 6.250
Amphotericin B a 6.9×10−3 1.3×10−2
Plant extracts with values in bold are considered active.
PET— Petroleum ether, DCM—Dichloromethane, 70% EtOH— Ethanol (70%), MIC—minimum inhibitory concentration, MFC—minimum fungicidal concentration.
a Positive control.
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(100 µg/ml) was used as the positive control while ethanol and
bacteria-free broth were used as the negative controls. One
hundred microlitres of each bacterial culture was added to each
well. The micro-plates were covered with parafilm and
incubated at 37 °C for 24 h. The MIC values were obtained
by adding 50 µl of 0.2 mg/ml p-iodonitrotetrazolium chloride(INT) (Sigma) and incubated further at 37 °C for 2 h. Since the
colourless tetrazolium salt is biologically reduced to a red
product due to the presence of an active organism, the MIC
values were recorded as the concentrations in the last wells in
which no colour change was observed after adding INT
indicator. The screening was done in duplicates and repeated
three times for each extract, average MIC values were obtained.
Table 4
Number of H+ colonies in Salmonella typhimurium strain T98 produced by antimicrobial crude extracts.
Plant species Plant
part
Bioactive
extracts
Extract concentration (µg/ml)
5000 500 50
A. campanulatus Leaves DCM 29.5±7.5 29.0±6.0 45.5±0.5
70% EtOH 37.0±2.5 25.3±3.7 23.0±4.6
Roots DCM 31.0±1.2 28.5±1.5 41.0±1.0
70% EtOH 24.3±1.2 27.3±3.8 43.5±3.5
A. venosum Leaves 70% EtOH 19.7±2.9 22.7±4.3 15.7±1.3
B. obovatum Leaves PET 27.3±4.1 25.1±3.0 23.0±4.3
DCM 25.3±2.3 22.3±1.2 24.3±2.2
70% EtOH 26.3±3.3 24.3±1.5 29.3±2.0
C. hirsutus Leaves PET 13.0±1.5 13.3±0.9 15.7±1.5
DCM 14.0±1.7 14.0±0.6 17.3±2.6
C. textilis Roots PET 25.7±3.8 30.0±0.6 27.7±3.3
DCM 16.3±2.2 31.3±1.9 26.7±1.5
70% EtOH 17.3±0.7 19.0±3.2 26.7±8.2
D. lycioides Stems DCM 16.3±0.9 27.3±4.2 25.3±2.4
D. princeps Leaves 70% EtOH 22.3±3.8 26.3±2.6 32.3±1.2
G. dalenii Corms DCM 23.0±1.0 22.0±1.0 25.3±4.4
70% EtOH 24.0±2.7 38.0±8.4 27.7±2.9
H. limifolia Leaves PET 14.3±1.7 14.7±0.9 18.7±2.2
P. simplex Leaves PET 18.7±3.2 18.7±2.6 16.3±1.5
DCM 20.7±0.9 19.0±1.0 17.3±2.3
70% EtOH 21.3±2.4 25.5±5.5 17.0±1.0
Bark PET 20.0±2.0 15.5±0.5 24.0±5.0
DCM 17.7±0.7 23.7±2.3 30.5±1.5
70% EtOH 18.0±6.0 18.3±4.7 22.0±3.5
V. natalensis Leaves DCM 21.0±2.0 23.5±0.5 21.3±4.9
W. tabularis Corms PET 20.3±2.9 33.0±1.5 26.0±2.6
DCM 20.0±4.0 22.3±0.7 19.3±1.7
Negative control revertant colony number=26.0±0.6.
Positive control (4NQO) (2 µg/ml) revertant colony number=130.3±17.0.
PET — Petroleum ether, DCM — Dichloromethane, 70% EtOH — Ethanol (70%).
360 O.A. Fawole et al. / South African Journal of Botany 75 (2009) 356–3622.4. Anti-candidal assay
A microdilution method as described by Masoko et al.
(2007) was used to determine the anti-candidal activity. Can-
dida albicans (ATCC 10231) obtained from the South African
Bureau of Standards was used in this assay. An overnight fungal
culture was prepared in Yeast Malt (YM) broth. Sterile saline
was added to the fungal culture such that the fungal culture
absorbance at 530 nm was in the range of a 0.5 M McFarland
standard solution. The standardised fungal stock was further
diluted (1:1000) with sterile YM broth. Dried extracts were
resuspended in ethanol (70%) to make 50 mg/ml. One hundred
microlitres of each extract was two-fold serially diluted with
sterile water in a 96-well micro-plate. A similar two-fold
dilution of solution of Amphotericin B was used as the positive
control while ethanol (70%) and fungal-free wells were used as
the negative controls. One hundred microlitres of the dilute
Candida culture was added to each well. The plates were
covered with parafilm and incubated at 30 °C for 48 h. The MIC
values were obtained by adding 50 µl (0.2 mg/ml) p-
iodonitrotetrazolium (INT) (Sigma) and then incubated for
another 2 h. Fungicidal activity of the plant extracts was
determined by adding 50 µl YM broth to all the wells with no
colour change and further incubated at 37 °C for 24 h. The
concentrations of extracts in the last clear wells were taken as
the minimum fungicidal concentration (MFC). The screeningwas done in triplicates and repeated twice for each extract, the
average MIC and MFC values were obtained.
2.5. Mutagenicity evaluation of bioactive plant extracts
Activity-guided mutagenicity studies were done on crude
extracts that showed good antimicrobial activity with minimum
concentration less than 1.0 mg/ml. The antimicrobial activity
showed by these extracts could probably be due to the presence
(or larger amounts) of bioactive compounds in the extracts. The
Ames assay was performed using the plate incorporation
procedure with Salmonella typhimurium strain T98 as described
by Maron and Ames (1983). Ten millilitres of Oxoid nutrient
broth No.2 was inoculated with 100 µl stock bacteria at 37 °C
for 16 h. Active plant extracts were dissolved in 10% DMSO to
give concentrations of 5000, 500 and 50 µg/ml. The bacterial
culture (100 µl) was added to a test tube containing the mixture
of plant extract (100 µl), phosphate buffer (500 µl) and 2 ml of
agar containing traces of biotin and histidine. The mixture was
poured over a minimal agar plate and incubated at 37 °C for
48 h. Sterile water (100 µl) was used as a negative control while
4-Nitroquinoline-N-oxide (4NQO) (2 µg/ml) served as a
positive control. Samples were tested in triplicate for each
concentration. For a substance to be considered mutagenic in
the Ames test the number of revertant colonies (His+) on the
plates containing the test compounds must be more than twice
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After incubation the number of revertant colonies was counted.
Bacterial toxicity effects of the plant extracts were determined
by comparing the background of all the plates with the negative
control.
3. Results and discussion
3.1. Extracts percentage yield
Percentage yields of all the extracts of plant parts were
calculated as indicated in Table 2. The percentage yield was
expressed as the ratio of the dry weight of plant extract to the
dry weight of the plant material used in the extraction. EtOH
(70%) extracted the largest quantities of plant compounds.
3.2. Microdilution antibacterial assay
A broad spectrum of antibacterial activity was exhibited by
some of the plant extracts evaluated (Table 2). In this study,
only MIC values less than 1.0 mg/ml were considered active
for crude extracts. At least one extract from all the screened
plant species exhibited good antibacterial activity against one
of the test bacteria. The ethanol (70%) extract of Becium
obovatum leaves showed the best antibacterial activity with a
MIC value of 0.074 mg/ml against B. subtilis. Petroleum ether
leaf extracts of B. obovatum, Cucumis hirsutus, Haworthia
limifolia and Protea simplex showed antibacterial activity with
MIC values ranging between 0.098 and 0.780 mg/ml against
all the test bacteria. Good antibacterial activity was exhibited
by the petroleum ether extracts of B. obovatum leaves.
Relatively low antibacterial activity was observed in all the
root extracts with MIC values greater than 1.0 mg/ml.
Interestingly, traditional healers make use of decoctions
prepared from the roots to treat diarrhoea and dysentery
(Hutchings et al., 1996). The observed antibacterial activity
shown by B. obovatum parts could be as a result of the amount
of a compound or a number of compounds present in the plant
material. It is equally possible that different compounds could
be responsible for the activity observed (Steenkamp et al.,
2006). Similarly, the antibacterial activity exhibited by all the
extracts of P. simplex leaves with active MIC values ranging
between 0.098 and 0.780 mg/ml was stronger than the
antibacterial activity showed by all the bark extracts (with
active MIC values between 0.147 and 0.780 mg/ml). It is
noteworthy that the bark is used traditionally for the treatment
of diarrhoea and dysentery (Watt and Breyer-Brandwijk,
1962). The positive control, neomycin inhibited the growth
of all the bacterial strains with MIC values ranging between
0.147 and 1.58 µg/ml. Agapanthus campanulatus leaves, Cy-
perus textiles (leaves and roots), Vernonia natalensis leaves,
Watsonia tabularis corms, Antidesma venosum leaves, Dio-
syros lycioides stem, and Gladiolus dalenii corms exhibited
good but selective antibacterial activity against at least one of
the Gram-positive test bacteria. Generally, poor antibacterial
activity was observed in the aqueous extracts (results not
included).Gram-positive; B. subtilis was the most susceptible bacterium
with twenty extracts showing good activity against it. Eighteen
extracts showed activity against S. aureus and six against E. coli.
3.3. Anti-candida assay
Anti-candidal activity was exhibited by some of the screened
plant extracts (Table 3). The best fungicidal activity was shown
by the petroleum ether extract of P. simplex leaves with a MFC
value of 0.014 mg/ml while the best fungistatic activity was
exhibited by the ethanol (70%) leaf extract of Dissotis princeps
and P. simplex petroleum ether leaf extract with a MIC value of
0.014 mg/ml. The EtOH (70%) extracts of A. campanulatus
leaves and roots exhibited good fungicidal activity with MFC
values of 0.29 and 0.39 mg/ml respectively with the same MFC
value exhibited by 70% EtOH extracts of G. dalenii (0.39 mg/
ml). Good fungicidal activity was also exhibited by the DCM
extracts of P. simplex leaves (0.39 mg/ml) and the 70% EtOH
extract of D. princeps leaves (0.037 mg/ml). Amphotericin B
exhibited anti-candidal activity with MIC and MFC values of
6.9 and 13 µg/ml respectively.
3.4. Mutagenicity evaluation of bioactive plant extracts
The Ames test using S. typhimurium strain (TA98) detects
frame-shift mutations based on the spontaneous reversion of S.
typhimurium strain fromHis− to His+ by crude plant extracts. The
mean revertant colonies are presented in Table 4. The number of
revertant colonies counted showed no indication of mutagenic
potential for all the plant extracts that showed good antimicrobial
activities. Most mutagens are also toxic and dose dependent to
some extent (Maron and Ames, 1983). Dense background of the
agar plates after 48 h as compared with the negative control
showed that all the plant extracts are not toxic to S. typhimurium.
Bacterial and fungal pathogens account for acute diarrhoea
and other ailments related to the gastro-intestinal tract (Baumler
et al., 2000; Adak et al., 2002). All the test organisms in this study
are reported to be directly or indirectly involved in gastro-
intestinal disorders (Brian, 1996; Sleigh and Timbury, 1998).
4. Conclusions
All the plant species evaluated in this study showed
antimicrobial activity with differing degrees of efficiency. A
broad spectrum of antibacterial activity was exhibited by some
plant extracts while some extracts showed selective activity
against Gram-positive bacteria only. It is noteworthy that some
extracts of P. simplex (leaves), A. campanulatus (leaves), D.
princeps and G. dalenii showed good activity against both
bacteria and C. albicans. The good antimicrobial activity
exhibited by some extracts of P. simplex could be as a result of
cyanogenic compounds, alkaloids, tannins and leucoanthocya-
nins present in the family Proteaceae (Trease and Evans, 1983).
Although poor antimicrobial activity was observed in all the
water extracts at the highest concentration assayed, dosage is
important with regard to which solvent is being used (Sparg
et al., 2001).
362 O.A. Fawole et al. / South African Journal of Botany 75 (2009) 356–362At least one extract from each plant species evaluated
showed good antimicrobial activity. The lack of mutagenicity in
the active extracts suggests that most of these plants are
probably safe for consumption though other mutagenicity tests
need to be conducted to ascertain this. The anti-inflammatory
activity, isolation and identification of active compounds in the
evaluated plant species will be considered in future research.
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